Nonalcoholic steatohepatitis (NASH) is the progressive form of nonalcoholic fatty liver disease (NAFLD). The minimal pathologic criteria for NASH include hepatic steatosis, ballooning degeneration, and lobular inflammation. The resolution of NASH, which relies on the loss of ballooning degeneration, is subject to sampling and observer variability in pathologic interpretation. Ballooning is associated with advanced hepatic fibrosis in cross-sectional studies but is not a predictor of mortality in NAFLD. Fibrosis staging, while still subject to some sampling variability, has less observer variability and is a robust predictor of liver-related mortality in NAFLD. In this study, we hypothesize that, regardless of the diagnosis of NASH, the presence of steatofibrosis (steatosis accompanied by fibrosis) regardless of other pathologic features can also be a robust predictor of mortality in NAFLD. We used our previously reported cohort of patients with NAFLD with liver biopsies and long-term mortality follow-up. Cox proportional hazard models were used to determine the predictors of overall and liver-related mortality. Of 209 enrolled NAFLD subjects, 97 can be classified as having steatofibrosis. During follow-up (median 150 months), 64 (30.6%) patients died, with 18 (8.6%) from liver-related causes. Adjusted for age, both diagnostic categories of NASH and steatofibrosis were significantly and similarly associated with liver-related mortality (adjusted hazard ratio [aHR], 9.9; 95% confidence interval (CI), 1.3-74.9; P 5 0.027; aHR, 6.7; 95% CI, 1.5-29.8; P 5 0.013, respectively). However, only steatofibrosis showed independent association with overall mortality (aHR, 1.76; 95% CI, 1.02-3.05; P 5 0.043). Conclusion: Steatofibrosis and NASH are similarly associated with liver-related mortality, but only steatofibrosis is associated with overall mortality in patients with NAFLD. Given the inherent observer variability in ballooning degeneration, a key diagnostic component of NASH, we suggest that steatofibrosis should be considered a viable diagnostic classification for NAFLD subjects at risk or adverse outcomes and provides a simpler endpoint for clinical trials of therapeutic agents. (Hepatology Communications 2017;1:421-428) 
Introduction N onalcoholic fatty liver disease (NAFLD) is thought to affect approximately 24% of the world population, with nonalcoholic steatohepatitis (NASH) being its predominantly progressive subtype.
( [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] In 2013, NAFLD became the second indication for liver transplantation and is among the top causes of hepatocellular carcinoma in the United States. (13) (14) (15) Besides its clinical burden, NAFLD has an important negative impact on health-related quality of life and other patient-reported outcomes. (16) In addition, the economic burden of NAFLD and NASH to society is tremendous and increasing. (17) Despite clear evidence supporting its clinical, economic, and patient-reported outcomes burden, there are important controversies about the rate of progression and spontaneous regression of NASH as well as the most appropriate endpoints for clinical trials or the natural history of NASH. To better understand the initial subclassification of NAFLD (NASH versus non-NASH), it is important to understand the context in which NASH became an important subtype of NAFLD. After the introduction of the term NASH in 1980, there was little clarity regarding its clinical importance, its natural history, and the histologic criteria required for its diagnosis. (11) In fact, most clinicians in the early 1990s did not believe that NASH was a progressive or a common form of chronic liver disease. In an attempt to shed some light about the natural history of NASH, it became clear that NASH must be considered a part of the spectrum of NAFLD. (2, 20) In this context, the majority of subjects with NAFLD did not have NASH and did not develop progressive liver disease. (2) (3) (4) (5) (6) (7) On the other hand, NAFLD subjects who met a strict histologic criterion for NASH seemed to have a higher rate of adverse outcomes. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) Over the years, accumulating evidence has supported the notion that NASH is a subtype of NAFLD with a potential for progressive liver disease.
(1-9) Although the non-NASH subtype of NAFLD was historically considered nonprogressive, recent data suggest otherwise. (10) In this context, it is plausible that a small number of patients with non-NASH NAFLD can progress to NASH and follow a progressive course. It is also possible that the initial diagnosis of non-NASH NAFLD in those subjects may have been misclassified due to sampling and interobserver variabilities in the initial liver biopsy specimen. According to the current American Association for the Study of Liver Diseases guidelines, (4) the minimal histologic requirements for diagnosing NASH include steatosis, lobular inflammation, and ballooning of hepatocytes. Although these criteria provide an overall categorization of a subtype of NAFLD that can be at risk for progressive liver disease, it also has created substantial uncertainty (2, 3, 5, 20) that is primarily related to the reliance on hepatocyte ballooning for diagnosing NASH and its disappearance as the endpoint of the "resolution of NASH" for clinical trials. (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) It therefore became important to assess the predictive ability of the different histologic features in NAFLD and the reliability of these features in establishing the diagnosis of NASH. (18) In the context of predicting long-term outcomes, a number of studies have documented that the stage of hepatic fibrosis was the only histologic feature that predicted liver-related mortality among patients with NAFLD. (18, 19, 32, 33) Although other pathologic features of NASH were found to be associated with the presence of advanced fibrosis in cross-sectional assessments, they did not add any predictive power when tested in survival models on top of fibrosis. Furthermore, in addition to the inability of hepatocyte ballooning to predict long-term mortality outcomes in NAFLD, hepatocyte ballooning suffers from significant interobserver variability. In one study, the interobserver agreements were low (kappa scores for injury, 0.35 and lobular inflammation, 0.33) in contrast to significantly better interobserver agreement for steatosis and fibrosis (kappa scores for fibrosis, 0.61 and steatosis, 0.64). (20) In another study with a predetermined pathologic protocol for NASH, the interobserver variability between expert hepatopathologists confirmed a weaker agreement for ballooning and inflammation as opposed to interobserver agreement related to fibrosis and steatosis (kappa scores for fibrosis, 0.84; steatosis, 0.79; ballooning, 0.56; lobular inflammation, 0.45). (21) These findings may be partly due to the difficulty in identifying ballooning degeneration of hepatocytes in liver biopsy slides leading to underdiagnosis of NASH in the initial biopsy or subsequent follow-up biopsies. Despite this, resolution of NASH, which can be defined as the disappearance of liver cell ballooning injury/inflammation in NAFLD, has been proposed as a primary endpoint for clinical trials of NASH. (34) However, to anchor drug development for NASH on a relatively unreliable pathologic feature, which is also not a good surrogate for the hard outcome of mortality, can lead to a great deal of uncertainty about the true long-term efficacy endpoint of these trials. Adding to these complexities in the field of NAFLD is the rate of spontaneous regression of NASH in sequential liver biopsies. (22) In this context, a question remains whether this regression reflects the true dynamic nature of the natural history of NASH or it relates to a flaw in the diagnostic criteria for NASH influenced by the weak agreement between two liver biopsy specimens identifying hepatocyte ballooning of hepatocytes.
These issues have increasingly become important as we develop new treatments for NASH. In this context, a number of clinical trials have been designed, all requiring histologic documentation of NASH as entry criteria and the resolution of NASH as one of the primary endpoints. (24) (25) (26) We believe this approach has led to significant difficulty in recruiting "at risk" patients with NAFLD for clinical trials and has placed an undue burden to document the efficacy of drug development in the field of NASH and NAFLD. In anticipation for more clinical trials involving patients with NAFLD and NASH in the near future, it is important to encourage investigators and regulatory bodies to prioritize the most important outcomes in patients with NAFLD and to determine endpoints that would be the best surrogates of mortality. It is also important to recognize that outside of the clinical trial setting, this inherent interobserver variability associated with the diagnosis of NASH can create more problems with the generalizability of data because practicing clinical pathologists' readings of these liver biopsies may have weaker interobserver agreement than those assessed by the expert study pathologists. Therefore, to simplify the diagnostic and therapeutic conundrum of NAFLD, it seems logical to focus on the most relevant and reliable surrogate marker of the hard outcomes of NASH, which seems to be hepatic fibrosis. Although subclassification of NAFLD to NASH and non-NASH has served the purpose of providing an overall risk assessment for NAFLD, it is time to clarify that patients with NAFLD and fibrosis are at the highest risk and in the most urgent need of attention. Additionally, fibrosis is significantly more robust than ballooning and should become the primary endpoint for clinical trials of NASH. Thus, we hypothesize that "steatofibrosis" (fibrosis accompanying steatosis among patients with NAFLD) could be a more relevant and robust diagnostic classification than NASH.
In this study, we used our NAFLD database to assess the long-term outcomes of a well-defined cohort of patients with NAFLD who were histologically categorized as NASH and compared those outcomes with subjects meeting the criteria for nonalcoholic steatofibrosis.
Methods
In this study, we used a historic cohort of patients with biopsy-proven NAFLD and mortality follow-up of at least 5 years. The previously reported cohort with inclusion criteria into the NAFLD database have been published. (18) (19) (20) Briefly, patients were included if they were at least 18 years of age, had an available liver biopsy slide and mortality follow-up, and did not have other causes of chronic liver disease, such as excessive alcohol consumption, viral hepatitis, autoimmune, or druginduced hepatitis. Patients who died in follow-up had a recorded cause of death; patients with liver-related causes of death were specifically identified as described. (18) (19) (20) The biopsy slides were reviewed jointly by two hepatopathologists as described. (18) (19) (20) Each liver biopsy was categorized into NASH (minimum criteria: steatosis with hepatocellular ballooning, lobular inflammation, with the optional features of Mallory-Denk bodies or fibrosis) and non-NASH NAFLD. In the scoring protocol, pericellular/perisinusoidal fibrosis and portal fibrosis were graded into four categories on a scale of 0 to 3: (0) none, (1) mild or few, (2) moderate, or (3) marked or many. Using these pathologic features, we defined steatofibrosis as steatosis (>5%) in the presence of moderate or marked hepatic fibrosis (stage >1) regardless of other features.
STATISTICAL ANALYSIS
Demographic and clinical parameters of patients with and without steatofibrosis were compared using nonparametric tests. Survival curves of these patients were compared using a log-rank test. The same test was then used to compare survival curves of patients with and without NASH. Cox proportional hazard models were built using steatofibrosis and NASH as interchangeable or combined predictors of liver-related mortality and overall mortality with adjustment for significant confounders (demographics, comorbidities; only confounders with P < 0.05 were kept in the models). Goodness of fit was assessed using a partial likelihood ratio test and the Harrell c-index. All calculations were run in SAS 9.3 (SAS Institute, Cary, NC). The study was approved by the Inova Institutional Review Board.
Results
Of the 209 patients with NAFLD with long-term follow-up and liver biopsy slides, 97 patients met the histologic criteria for steatofibrosis while 112 NAFLD subjects did not have steatofibrosis. With the same NAFLD cohort, 131 patients fulfilled the criteria for NASH and 78 had non-NASH NAFLD. Demographics, medical history, and pathologic features of enrolled patients are summarized in Table 1 according to their steatofibrosis status. As shown, patients with steatofibrosis were significantly older, more were female, and body mass index was lower but type 2 diabetes was more prevalent (all P < 0.05) ( Table 1 ).
In follow-up (median 150 months; interquartile range, 69-186 months), 64 (30.6%) patients died, with 18 (8.6%) patients dying from liver-related causes. Liver-related mortality curves by patients' steatofibrosis status are shown in Fig. 1A . The log-rank test indicated a significant association of liver-related mortality with steatofibrosis (hazard ratio [HR], 8.7; 95% confidence interval [CI], 2.0-37.9; P 5 0.0040). A similar association of liver-related mortality was documented for NASH (HR, 10.4; 95% CI, 1.4-78.7; P 5 0.0229) (Fig. 1B) .
In multiple Cox proportional hazard models, after inclusion of age, sex, obesity, and diabetes status of patients in addition to diagnostic categories of steatofibrosis and NASH, only age at the time of diagnosis demonstrated a statistically significant association with liver-related mortality (other P values > 0.05). Thus, in proportional hazard models adjusted for age (aHR), both NASH and steatofibrosis were significantly and similarly associated with liver-related mortality (aHR, 9.9; 95% CI, 1.3-74.9; P 5 0.027 for NASH; aHR, 6.7; 95% CI, 1.5-29.8; P 5 0.013 for steatofibrosis). Both models also had nearly identical fit statistics (likelihood ratio, 15.5; P 5 0.0004 for NASH; likelihood ratio, 15.2; P 5 0.0005 for steatofibrosis) and Harrell c-indices (0.56; 95% CI, 0.31-0.80 for NASH; 0.58; 95% CI, 0.33-0.82 for steatofibrosis).
Additionally, for the purpose of the sensitivity analysis, we also studied other thresholds for the definition of steatofibrosis. Steatofibrosis defined as the pericellular or portal fibrosis of a stage greater than 0 was not found to be associated with liver-related mortality (P 5 0.99). The threshold of 1 was the one chosen in this study with the results cited above. Finally, severe steatofibrosis defined as the pericellular or portal fibrosis of a stage greater than 2 (bridging fibrosis or cirrhosis) was more strongly associated with liver-related mortality (aHR, 17.5; 95% CI, 5.6-54.3; P < 0.0001) but also resulted in twice as many false negatives because 4 of the 18 subjects who eventually died of liver-related causes had fibrosis of stage 1 or 2. We also studied patients who had both NASH and steatofibrosis; there were 86 such patients of whom 16 died of liver-related causes (age-adjusted association with liver-related mortality: aHR, 9.1; 95% CI, 2.1-40.3; P 5 0.0036; likelihood ratio, 19.5). This definition had the same falsenegative rate as steatofibrosis alone while returning 16% fewer false positives; however, this came at the cost of a substantially more complicated algorithm that included the diagnosis of NASH with all its flaws discussed above.
Because liver-related mortality accounted for only 28% of all deaths in the cohort, we also studied the association of the diagnostic categories of steatofibrosis and NASH with overall mortality. In contrast to liverrelated mortality, which was similarly associated with both steatofibrosis and NASH, overall mortality in subjects with NAFLD was only associated with steatofibrosis (aHR, 1.76; 95% CI, 1.02-3.05; P 5 0.043) but not with NASH (P 5 0.28) (Fig. 2) . Notably, the most prevalent cause of death in the study cohort was related to cardiovascular diseases (Table 1) . However, consistent with a prior report, (3) it was not found to be associated with steatofibrosis or NASH after adjustment for age, sex, and components of metabolic syndrome (both P > 0.10).
Discussion
This was a study of patients with NAFLD with a baseline histopathologic spectrum and long-term follow-up data. Although the study confirms that the subgroup of patients with NAFLD who meet the histologic criteria of NASH are at increased risk for liverrelated mortality, we document an almost identical association with liver-related mortality for patients who meet the histologic diagnosis of steatofibrosis. In addition, our data show that NASH is not independently predictive of overall mortality while steatofibrosis is an independent predictor of not only liver-related mortality but also overall mortality. Thus, we suggest that steatofibrosis rather than steatohepatitis (NASH) should be used as a more meaningful, more reliably assessed, and more clinically relevant category of patients with NAFLD who are at the highest risk for liver-specific and all-cause mortality.
These data should also be considered in the context of reported suboptimal interobserver agreement of hepatocyte injury (ballooning degeneration) and inflammation as well as the superior interobserver agreement for histologic fibrosis. (11, 12, 21) In the context of reliability, the strong interobserver concordance for fibrosis further contributes to the superiority of steatofibrosis as a diagnostic category for NAFLD, making fibrosis the single most reliable endpoint for clinical trials of NASH. Furthermore, the most promising noninvasive tests for diagnosing the progressive form of NAFLD have focused on indirect measures of fibrosis or its surrogates (e.g., the NAFLD fibrosis score, ELF score, elastography). (32) In this context, these noninvasive tests should be more useful in assessing steatofibrosis rather than NASH. They may document improvement of fibrosis but certainly are not going to be able to document resolution of NASH.
These data have important clinical relevance as well as important implications for the regulatory bodies that oversee drug development for NAFLD patients with the most urgent need for treatment. Although subclassification of NAFLD into NASH and non-NASH have important epidemiologic relevance to allow separation of benign NAFLD from a potentially progressive subtype of NAFLD, we suggest that the clinical trials for NAFLD should be designed for those patients who are at the highest risk for mortality, i.e., patients with steatofibrosis regardless of whether they meet the histologic criteria for NASH. We also encourage regulatory bodies and pharmaceutical companies to abandon their insistence on requiring the resolution of NASH as a primary endpoint of intervention for clinical trials in NAFLD. It is important to remember that resolution of NASH has never been shown to improve survival of patients with NAFLD, while resolution of fibrosis has been associated with a decrease of mortality in patients with other chronic liver diseases. (27) (28) (29) (30) (31) It is also important to recognize that the interobserver agreements of the aggregate pathologic diagnostic criteria for NASH are also very weak (kappa scores were as low as 0.18). (18) Furthermore, it is important to note that pathologic scores, such as the nonalcoholic fatty liver disease 
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HEPATOLOGY COMMUNICATIONS, July 2017 activity score, have never been shown to predict liverrelated mortality. (18, 19) In this context, we believe that focusing on patients with steatofibrosis and relying on the improvement of fibrosis as a primary endpoint will be a superior approach to design clinical trials for patients with NAFLD. This simple, straightforward, and reliable endpoint, for clinical trial as well as the best surrogate of liver-related mortality and all-cause mortality, should replace the cumbersome and unreliable primary endpoint of the resolution of NASH in future clinical trials and clinical management of patients with NAFLD.
In summary, these data confirm that NASH is associated with liver-related mortality but not overall mortality. Evaluation of the histologic components of NASH is hampered by interobserver variability, which makes them less reliable. On the other hand, the definition of steatofibrosis allows for a simpler and more reliable categorization of patients with NAFLD that is predictive of both liver-related and overall mortality. This approach would provide a more meaningful and reliable outcome for drug development and for designing noninvasive tests for the patients with NAFLD who have the most urgent needs. Further studies are needed to better define the contribution of each stage of steatofibrosis to the risk of developing adverse outcomes and liver-related mortality.
